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their unique photophysical propertigélthough a number of
methods are available for the synthesis of indolizihethe
development of general and efficient synthesis of functionalized
indolizines is still highly attractivé.’” Recently, Gevorgyan et

al. reported an interesting Au-catalyzed cascade 1,2-migration/
cycloisomerization of propargylic substrates to indolizines with
various functionalitie$. The metal salts employed were sug-
gested to facilitate an alkyrevinylidene isomerization with
concomitant 1,2-migration of H, silyl, stannyl, or germyl groups
by the formation of goletvinylidene intermediates. We have
reported a Pd/Cu-catalyzed one-pot synthesis of 3-aminoin-
dolizines through the reactions of propargyl amines or amides
with heteroaryl bromide% It was found that this reaction was
strongly dependent on the presence of a base and on the solvent
employed. A suitable base may facilitate a propargilenyl
isomerization to an allenic intermediate or serve as a good ligand
to stabilize the copper intermediates. On the basis of this work,
we envisioned that propargylic acetates bearing pyridine rings
may also undergo copper-catalyzed cyclization via allenic
intermediates to give indolizines (Scheme 1). In this paper, we
report the cyclization of 2-pyridyl-substituted propargylic
acetated by a more convenient, economic, and efficient copper-

The copper-catalyzed cycloisomerizations of 2-pyridyl- catalyzed approach for the synthesis of C-1 oxygenated indoliz-
substituted propargylic acetates and its derivatives areines atroom temperature. The present method could be readily
described, which offer an efficient route to C-1 oxygenated

indolizines with a wide range of substituents under mild

reaction conditions. The presented method could be readily
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which can find a variety of applications in pharmaceuticaluse.
They are also useful in the field of material science owing to
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TABLE 1. Optimization Studies for the Cu-Catalyzed SCHEME 2
Cycloisomerization Reactions

path a:
OAc OAc OAc OAc OAc
| A SN CuX, base N N T base N ‘/F’UR = R\
ZN R solvent, rt. N7 | N R l Ne A A ’;‘\v 4 o
1a, R=Bu; 1b, R=H 2a, R=Bu; 2b, R=H 1 3 4 base
b b ] yield? OAc OAc
entry substrate CuX ase solvent time  product%) O . o o
1 la  5%Cul - THF  3h 2a 98 N hNg T TN N/
2 la 5% Cul 20ENH THF  15h 2a 95 base-H cut =
3 la 5% Cul — CH.Cl, 35h 2a  (>99) R R
4 la 5% CuBr — CHsCN 2h 2a  (>99) path b: 5 2
5 la 5% CuCl — CH;CN 3h 2a (>99) !
6 la 2% Cul — CH;CN 6h 2a (>99) b
7  1a 5% Cul  — CHCN 2h 2a 97 OAc ot 386\ Y OAc
8 la 5% Cul 1.0 E4N CH;CN 40min  2a 97 AN \’ 7 v +H
9 la - 20EtN  CHCN 12h 2a  NR oL N, — |_d )—cu N 5§~ 2
10 1b  5%Cul - CHCN 18h  2b 63 ZN:i_~ R SN base.H oot
11 1b 5% Cul 1.0 E4N CH;CN 2h 2b 82 1 6 R
alsolated yields; NMR yields are given in parenthesedR = no
reaction.

afford 2g in 90% vyield afte 1 h (Table 2, entry 5). The
appearance of a vinylic group in the substrates sucthaand
applied to the synthesis of indolizinones through a cyclization/ 1i did not influence the efficiency of this reaction, in which the
1,2-migration of tertiary propargylic alcohols. corresponding produch and?2i were formed in 86 and 83%
To test the hypothesis, the cyclization of propargyl acetates Yields, respectively (Table 2, entries 6 and 7). An alkyne
la and 1b, which were easily prepared in good yields from terminus tethered with an OAc group afforded the corresponding
pyridine-2-carboxaldehyde, were examined first, and the results product2j in 90% yield (Table 2, entry 8). Alkyne substituted
are summarized in Table 1. Gratifyingly, the reaction was proved with a TMS group resulted in a complete desilylation during
to be quite efficient with various copper catalysts. In the the reaction, and the produgb was obtained in 68% yield
presence of 5 mol % of Cul, the cyclization occurred smoothly (Table 2, entry 9). 6-Bromopyridyl-substituted substrate
in THF to afford the desired indolizin2a in 98% yield after 3 afforded the desired indolizirgk in 77% yield (Table 2, entry
h without the use of any base (Table 1, entry 1). 10). The reaction of 2-quinolyl-substituted propargy! acetate
When a base such as,8H was added, the reaction also proceeded well to give beefipdolizine 21 in 89% yield
proceeded much faster, furnishi@ig in 95% yield within 1.5 (Table 2, entry 11). It is interesting to note that the reaction has
h (Table 1, entry 2). Further studies indicated that the amine also been accomplished starting frdm with silyl-protected
played a role in increasing the reaction rate (Table 1, entries 7,9roups (OTBS-), furnishin@m in 85% yield (Table 2, entry
8, 10, and 11). Importantly, when terminal alkyab® was 12). A clean formation of a phenyl-bridged indolizide was
reacted in CHCN, a complete conversion of the starting material achieved in 82% yield by usingo as the substrate (Table 2,
was observed after 18 h without the amine am@ih with 1.0~ entry 13). The structure of indolizines was unequivocally
equiv of EsN present. Additionally, the final yield of product ~ confirmed by single-crystal analysis 22 and the result clearly
was 63% without the amine and 82% with the amine present. sShowed N-bridgehead bicycles.
No reaction was observed in the absence of Cu(l) at room We propose the following two possible pathways for the
temperature (Table 1, entry 9).0n the basis of the results formation of indolizine2 (Scheme 2). According to path a, a
shown above, we chose the following reaction conditions: 5 Cul-base-induced propargyallenyl isomerization ofl occurs
mol % of Cul, 1.0 equiv of BN in CH3CN, stirred at room first to form 3. Next, nucleophilic attack of pyridy! nitrogen to
temperature for an appropriate time. the Cu-coordinated allenyl double bond results in the formation
Under these conditions, a variety of propargylic compounds Of cation4; this is followed by deprotonation to lead to copper-
bearing pyridine rings was smoothly converted into the corre- (I)—indolizine intermediates. Protonolysis of5 with loss of
sponding indolizines or its analogues (Table 2), which indicated Cu(l) affords the desired produc2. This mechanism is
the procedure readily accommodates a wide range of function-analogous to that proposed for Cu-catalyzed cycloisomerization
alities. The alkyne moiety in propargylic pyrididebearing an of alkynyl imines into pyrrole¥ and silver-assisted cyclization
aromatic ring reacted very well to provide the cyclization Of allenyl ketones to furan$. Alternatively, in path b,
products in 87-97% yields within less than 15 min (Table 2, ~coordination of the triple bond in alkyneto Cu(l) enhances
entries 1-4). Electron-withdrawing as well as electron-donating the electrophilicity of alkyne, and the subsequent nucleophilic
substituents on aromatic rings are well tolerated. The use of attack of the nitrogen lone pair would form the cat@mwhich
sterically more hinderetBu-substitutedlg also proceeded to ~ undergoes deprotonation followed by demetalation to

afford 2.

(10) It was reported that employment of Cu(l) salts for the cyclization To probe that Cu(l) could be an effective catalyst for inducing
of TBS-protected propargyl pyridine 2-[teft-butyldimethylsilyl)prop-2- a cyclization/1,2-shift of tertiary propargylic alcohol reported
ynyl] pyridine led to trace amount of products. See ref 8.

(11) It was found that, under solvent-free conditiohscan be cyclized
without copper catalyst to affor@a in 41% vyield afte 8 h at high (12) See Supporting Information.
temperature of 130C. (13) Marshall, J. A.; Bartley, G. Sl. Org. Chem1994 59, 7169.
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TABLE 2. Copper-Catalyzed Cycloisomerizations of Propargylic Pyridines to 1,3-Disubstituted Indolizines

entry propargylic substrates time product yield(%)?
OAc OAc
RS N Za—
A
| N R CQ
R
1 R =Ph (1¢c) 15 min 2c 89
2 R = 4-MeOCgH, (1d) 10 min 2d 92
R = 4-CICgH, (1e) 15 min 2e 87
4 R = 1-naphthyl (1f) 15 min 2f 97
5 R='Bu (19) 1h 29 90
6 R =1-cyclohexenyl  (1h) 30 min 2h 86
7 R =(E)}-CH=CHPh  (1i) 20 min 2i 83
8 R= CH,CH,0Ac () 1h 2j 90
9 R=TMS (1K) 16 h 2b 68
OAc OAc
AN X e
10 X 11
n pp (3N SN 7
Br Br Ph
2k
OAc OAc
X =
11 | X (im)  10min =) 89
N Bu N
Bu
2|
OTBS OTBS
AN \ “4 —
12 A 1n 2h
| N Bu an) CQ 8
Bu
2m
AcO OAc AcO OAc
13 = = 3omin O & 82
= N\ N N
W N_ \_/ N
(10) 2n

a|solated yields. All of the reactions were carried out at room temperature using 5 mol % of Cul, 1 equiM @f EHzCN. ? 10 mol % of Cul and 2.0
equiv of EgN were used.

by Sarpongd, we proceeded to examine the cyclizations7of range of substituents. Further studies to extend the scope of
To our delight, our method showed great efficiency for the 1,2- synthetic utility for these Cu-catalyzed cyclizations are in
migration reactions. As shown in Table 3, under refluxing progress in our laboratory.

conditions in CHCN, a variety of propargylic alcohol was

successfully transferred to ind_olizinonaaff _in the presence Experimental Section

of 5 mol % of Cul and 1 equiv of BN within 3 h, and the

yields ranged from 70 to 92%. According to the reported method  General Procedure for the Synthesis of C-1 Oxygenated
catalyzed by PtG| a higher reaction temperature (160 in Indolizines. To a solution of propargylic acetaie(0.5 mmol) in
benzene) and |Onger reaction time %8 h) were needed. 3mL of a.CGtonitr”e were added Cul (48 mg, 0.025 mmol) and
We also investigated the reaction in the absence of a base, andfethylamine (7QuL, 0.5 mmol) successively at room temperature.
the results indicated that comparable yields of migration products ' "€ resulting solution was stirred at room temperature until the

were observed (Table 3, entries); however, in some cases reaction was completed as monitored by thin-Iayer_ chromato-
| ) o T d (T ’bl 3 ) ’4 graphy. The solvent was removed by rotary evaporation, and the
a longer reaction time was required (Table 3, entries 4 \oqjque was purified by flash chromatography on silica gel to

and 5). afford the desired producg Note: The color of most indolizines
In summary, we have developed a Cu-catalyzed cycloisomer-2 turned from yellow to brown when exposed in air for several
ization or cyclization/1,2-migration of propargylic pyridines hours.
under mild reaction conditions, which provided an efficient route  Acetic Acid 3-Butylindolizin-1-yl Ester (2a). Flash column
to C-1 oxygenated indolizines and indolizinones with a wide chromatography on silica gel (ethyl acetate/petroleum ether 1:10)

J. Org. ChemVol. 72, No. 20, 2007 7785
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TABLE 3. Copper-Catalyzed Cyclization/1,2-Migration of Tertiary
Propargylic Alcohols

RA_OH R2 O

| N \\ 5 mol % Cul =
N R 1.0 equiv EtzN N
CH34CN, reflux R
7 8
entry  R! R2 time product yield (%)*°
Ph 9
7 =
1 Ph Ph  (7a) 2h N/ 8a 76 (2h,78)
Ph
Et 9
=
2 Ph Et (Tb) 2h 8b 86 (2h,84)
s N7
Ph
Ph @
=
3 Bu Ph (7c) 1h 8c 86 (1h,84)
N7
Bu
Me ?
=
4 Bu Me (7d) 3h D 8d 70 (5h,67)
N
Bu
et 9
=
5 Bu Et (7e) 1h ) 8e 92 (3.5h,91)
N
Bu
Ph_ OH ph O
X A =
6 | N Y 15n SN/ 8 T
(7

a|solated yields. Unless noted, all of the reactions were carried out at
refluxing temperature using 5 mol % of Cul, 1 equiv og&tin CHzCN.
b The reactions were done in the absence gNE&and the results of these
reactions (reaction time and the yields of the products) are listed in the
parentheses.

afforded the title product in 97% isolated yield as a light
yellow liquid: *H NMR (CsDs, MesSi) 6 0.78 (t,J = 7.2 Hz, 3H),

7786 J. Org. Chem.Vol. 72, No. 20, 2007

1.12-1.24 (m, 2H), 1.351.45 (m, 2H), 1.86 (s, 3H), 2.30 @,=
7.5Hz, 2H), 6.076.12 (m, 1H), 6.326.37 (m, 1H), 6.80 (s, 1H),
7.08 (d,J = 7.5 Hz, 1H), 7.36-7.34 (m, 1H);13C NMR (CsDs,
Me,Si) 6 14.0, 20.4, 22.8, 25.5, 29.4, 105.3, 110.0, 114.5, 116.5,
121.1,121.3,121.7,127.3, 168.3; IR (neat) 2957, 1748, 1556, 1212,
1081, 731 cm'; HRMS (El) calcd for GsH17NO, 231.1259, found
231.1259.

A Typical Procedure for the Synthesis of 3,8a-Diphenyl-84-
indolizin-1-one (8a).To a solution of 1,3-diphenyl-1-(pyridin-2-
yl)prop-2-yn-1-ol7a (143 mg, 0.5 mmol) in 3 mL of acetonitrile
were added Cul (4.8 mg, 0.025 mmol) and triethylamine 40
0.5 mmol) successively at room temperature. The resulting solution
was stirred at refluxing temperature until the reaction was completed
as monitored by NMR (2 h) (the reactions of other substrates were
monitored by GC). The solvent was removed by rotary evaporation,
and the residue was purified by flash chromatography on silica gel
(ethyl acetate/petroleum ether 1:4) to afford the pro@adh 76%
isolated yield as a deep yellow solid: mp 122 °C; IH NMR
(CsDs, MesSi) 0 4.92 (t,J = 6.6 Hz, 1H), 5.08 (s, 1H), 5.67 (dd,
J=9.3Hz,J=5.4Hz, 1H), 6.31 (dJ = 7.2 Hz, 1H), 6.43 (dJ
= 9.0 Hz, 1H), 6.96-7.11 (m, 6H), 7.21 (tJ = 7.8 Hz, 2H), 7.71
(d, J = 7.8 Hz, 2H);13C NMR (CsDg, Me4Si) 0 72.1, 99.9, 108.9,
122.8,122.8,124.6, 125.0, 128.0, 128.1, 128.8, 129.0, 129.7, 130.8,
1415, 173.9, 199.9; IR (KBr) 3059, 1684, 1541, 1385, 761, 697
cml; HRMS (El) caled for GgHisNO 285.1154, found
285.1164.
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